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ABSTRACT 

JONES.  B.  H..  D.  N.  COWAN.  J.  P.  TOMLINSON.  J.  R.  ROBIN¬ 
SON.  D.  W.  POLLY,  and  P.  N.  FRYKMAN.  Epidemiology  of 
injuries  associated  with  physical  training  among  young  men  in  the 
army.  Med.  Sci  Sports  Exert'..  Vol.  25,  No.  2,  pp.  197-203,  1993.  It 
is  widely  acknowledged  that  musculoskeletal  injuries  occur  as  a  result 
of  vigorous  physical  activity  and  exercise,  but  little  quantitative 
documentation  exists  on  the  incidence  of  or  risk  factors  for  these 
injuries.  This  study  was  conducted  to  assess  the  incidence,  types,  and 
risk  factors  for  training-related  injuries  among  young  men  undergoing 
Army  infantry  basic  training.  Prior  to  training  we  evaluated  303  men 
(median  age  19  yr),  utilizing  questionnaires  and  measurements  of 
physical  fitness.  Subjects  were  followed  over  12  wk  of  training. 
Physical  training  was  documented  on  a  daily  basis,  and  injuries  were 
ascertained  by  review  of  medical  records  for  every  trainee.  We  per¬ 
formed  univariate  and  multivariate  analyses  of  the  data.  Cumulative 
incidence  of  subjects  with  one  or  more  lower  extremity  training- 
related  injury  was  37%  (80%  of  all  injuries).  The  most  common 
injuries  were  muscle  strains,  sprains,  and  overuse  knee  conditions.  A 
number  of  risk  factors  were  identified,  including:  older  age,  smoking, 
previous  injury  (sprained  ankles),  low  levels  of  previous  occupational 
and  physical  activity,  low  frequency  of  running  before  entry  into  the 
Army,  flexibility  (both  high  and  low),  low  physical  fitness  on  entry, 
and  unit  training  (high  running  mileage). 

MUSCULOSKELETAL  INJURIES,  LOWER  EXTREMITY 
INJURIES,  RISK  FACTORS,  EXERCISE,  PHYSICAL 
ACTIVITY,  INCIDENCE.  MULTIVARIATE  ANALYSIS 


Musculoskeletal  injuries  occur  frequently  in  as¬ 
sociation  with  exercise  and  vigorous  physical 
activity  (9,12,13,15,24).  Although  it  is  widely 
acknowledged  that  musculoskeletal  injuries  occur  as  a 
result  of  physical  training  activities,  little  is  known 
about  the  etiology,  incidence  of,  or  risk  factors  for 
training-related  injuries.  This  is  true  even  for  common 
activities,  such  as  walking,  cycling,  racquet  sports,  or 
running  (9,13,15.24).  For  many  activities  even  the  in¬ 
cidence  of  injuries  is  not  known. 
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The  benefits  of  exercise  and  physical  activity,  im¬ 
proved  fitness  (2,36),  and  decreased  morbidity  and 
mortality  (4,21,27)  are  firmly  established.  Knowledge 
of  the  benefits  of  physical  activity  and  exercise  has  led 
public  health  officials  in  the  United  States  to  promote 
greater  activity  and  fitness  levels  in  the  population  as 
major  health  objectives  for  the  nation  (32). 

For  some  populations,  such  as  the  military,  however, 
there  is  a  strong  need  to  know  not  only  the  benefits, 
but  also  the  short-term  risks  of  exercise.  Even  relatively 
benign  injuries,  such  as  sprained  ankles,  can  be  costly 
in  terms  of  lost  training  time  and  reduced  "combat 
readiness”  of  soldiers.  Because  physical  fitness  is  con¬ 
sidered  to  be  an  essential  element  of  readiness,  the 
Army  places  great  emphasis  on  physical  training.  As  a 
consequence,  the  incidence  of  training-related  injuries, 
such  as  stress  fractures,  tendinitis,  and  muscle  strains, 
is  high  in  the  Army  and  other  military  populations 
(5,7,9.10,14.30). 

We  conducted  this  hypothesis  generating  study  to  lay 
the  foundation  for  Army  training  injury  prevention 
strategies.  The  primary  purposes  of  the  study  were  to 
document  the  impact  of  past  physical  activity,  current 
physical  fitness,  and  Army  physical  training  on  the 
incidence  of  injuries  among  new  recruits. 

METHODS 

Subjects  and  study  design.  Subjects  were  303  male 
Army  Infantry  trainees  from  two  basic  training  com¬ 
panies.  Three  hundred  thirty-eight  trainees  were  briefed 
on  the  nature  of  the  study  and  335  volunteered  and 
signed  consent  forms.  Thirty  two  of  those  volunteering 
were  lost  to  follow  up  due  to  transfers  to  other  units  (N 
=  24),  early  discharge  (N  =  5),  and  unknown  reasons 
(N  =  3). 

This  study  was  conducted  in  two  phases:  1)  baseline 
evaluation  and  2)  follow-up.  Baseline  evaluation  was 
conducted  on  the  weekend  that  trainees  arrived  for 
duty  and  prior  to  the  onset  of  any  military  training. 
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The  first  part  of  baseline  evaluation  consisted  of  a 
Questionnaire,  followed  by  measurements  of  body  stat¬ 
ure  and  composition,  and  physical  fitness.  Follow-up 
consisted  of  documentation  of  training  activities,  results 
from  the  final  Army  physical  fitness  test,  and  documen¬ 
tation  of  all  sick  call  visits  for  injuries  during  the 
training  cycle.  Follow-up  was  terminated  at  the  end  of 
the  12th  wk,  the  last  full  week  of  the  infantry-  basic 
training  cycle. 

Questionnaire.  A  questionnaire  was  given  to  all  vol¬ 
unteers.  The  questionnaire  was  read  aloud  by  the  same 
investigator  to  the  subjects  from  each  company  as  a 
group. 

The  questionnaire  instructed  subjects  to  provide  their 
birth  date,  age  in  years,  gender,  race  (American  Indian/ 
Alaskan  Native,  Asian/Oriental,  Black,  Hispanic. 
White  non-Hispanic),  number  of  years  education,  and 
dates  of  graduation.  Subjects  also  provided  the  name 
(title)  of  their  most  recent  job,  the  year  of  last  employ¬ 
ment,  and  rated  the  physical  activity  level  entailed  by 
their  primary  job  (occupation)  in  the  last  year.  They 
rated  their  job  activity  level  on  a  5-point  scale  ( I  =  no 
activity — unemployed;  2  =  very  light — typist,  office 
worker,  etc.;  3  =  light — service  person  in  *  restaurant 
or  store  clerk,  etc.;  4  =  moderate — construction,  house 
painter,  mechanic,  etc.;  5  =  heavy — miner,  lumberjack, 
bricklayer,  etc.). 

Subjects  were  asked  if  they  had  smoked  one  or  more 
cigarettes  in  the  last  year,  and  if  “yes.”  how  many 
cigarettes  they  smoked  per  day  on  average  in  the  last 
month.  Participants  indicated  past  injuries  to  their 
lower  extremities  by  checking  on  a  list  those  experi¬ 
enced  in  the  last  10  yr.  For  each  injury  checked  they 
indicated  the  body  part  injured  and  the  year  of  occur¬ 
rence. 

Subjects  rated  their  level  of  previous  physical  activity 
compared  with  others  of  their  same  age  and  gender. 
Rating  was  on  a  5-point  scale  (1  =  very  inactive.  3  = 
“average,"  and  5  =  very  active).  Washburn  et  al.  (35) 
previously  validated  a  similar  question.  Volunteers  also 
indicated  how  frequently  they  ran  each  week  (dwk'1) 
in  the  month  before  entering  the  Army,  and  how  much 
they  ran  (min  d'1)  on  each  occasion.  They  provided 
additional  information  on  the  frequency  and  duration 
of  exercise,  other  than  running,  and  sports  participation 
in  high  school  and  college. 

A  series  of  questions  similar  to  the  Minnesota  Leisure 
Time  Activity  questionnaire  (29)  were  used  to  estimate 
the  average  weekly  energy  expenditures  in  metabolic 
equivalents  (METs)  for  subjects  over  the  last  year. 
METs  were  calculated  employing  methods  and  tables 
in  common  clinical  usage  ( 1 ). 

Physical  fitness  measurements.  Anthropometric 
and  physical  fitness  measurements  were  made  imme¬ 
diately  following  the  questionnaire.  Height,  weight,  and 
neck  and  waist  girths  were  measured  with  subjects  in 


shorts  and  bare  feet.  Quetelet  body  mass  index  (BMI) 
was  calculated  as  WT/HT~  (kg-m':).  Percent  body  fat 
was  estimated  from  neck  and  waist  circumferences 
according  to  a  standard  Army  equation  for  measure¬ 
ments  in  cm:  percent  body  fat  =  43.782  -  (68.68  * 
LOG  (HT))  +  (76.46  *  LOG  (abdominal  circumference 
-  neck  circumference)). 

Back  and  hamstring  flexibility  were  measured  with  a 
sit-and-reach  test  (23).  Degree  of  flexibility  was  re¬ 
corded  in  number  of  centimeters  reached  toward  the 
toes  (negative  numbers  before  the  toes,  positive  num¬ 
bers  beyond  the  toes).  Muscle  strength  was  measured 
with  an  incremental  weight-lifting  machine.  Strength 
was  defined  as  the  maximum  weight  a  subject  could  lift 
from  the  floor  to  overhead  with  arms  extended  (maxi¬ 
mum  load  =  90.7  kg  =  200  lb). 

Additional  baseline  measurements  of  physical  fitness 
were  obtained  on  one  of  the  two  training  companies 
from  the  results  of  a  physical  training  test  on  the  third 
day  of  training.  These  consisted  of  2-mile  run  times 
and  the  number  of  push-ups  and  sit-ups  completed  in 
2  min. 

Physical  training.  One  unit  (company)  was  selected 
because  it  placed  heavy  emphasis  on  running  to  build 
endurance,  and  the  other  because  it  deemphasized  run¬ 
ning.  Company  commanders  documented  unit  physical 
training  in  a  daily  log  that  was  picked  up  by  an  inves¬ 
tigator  every  2  or  3  d.  We  directly  observed  training  on 
a  frequent  basis  to  validate  the  accuracy  of  log  entries. 
Outside  of  programmed  unit  training,  there  was  little 
or  no  time  for  trainees  to  engage  in  individual  extra¬ 
curricular  recreational  or  sports  activities. 

Except  for  the  amounts  of  running  and  marching, 
the  training  of  the  two  companies  (units)  was  virtually 
identical.  Both  companies  engaged  in  physical  training 
5-6  d  wk'1.  On  average  both  companies  did  20  min- 
d'1  of  calisthenics.  10  min  of  stretching,  and  20  min  of 
drill  and  ceremony.  Both  companies  devoted  about  40 
min  d'1  to  marching  and  running.  But  the  amounts  of 
time  spent  running  for  the  two  companies  were  quite 
different:  18  min  d'1  for  the  high  mileage  company 
and  8  min  for  the  other.  The  company  that  did  more 
running,  ran  a  total  of  130  miles  over  the  12  wk  of 
training  and  marched  68  miles.  The  low  mileage  unit 
ran  56  miles  and  marched  121  miles. 

Injury  data.  Musculoskeletal  injuries  were  diagnosed 
by  health  care  professionals  not  connected  with  the 
study.  Injury  data  were  collected  via  periodic  reviews 
of  the  medical  charts  of  every  trainee.  Reviews  were 
conducted  by  a  physician  (BHJ).  Information  extracted 
from  medical  records  included  the  date  of  each  clinic 
visit,  the  verbatim  diagnosis,  the  side  and  anatomic 
location  of  each  injury,  the  disposition  and  days  of 
restricted  duty. 

Injury  cases  were  defined  as  any  individual  recorded 
as  having  received  treatment  for  one  or  more  lower 
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extremity  musculoskeletal  injuries.  The  cumulative  in¬ 
cidence  of  individuals  with  one  or  more  such  injuries 
was  used  in  the  analysis.  Only  lower  extremity  (low 
back  and  below)  musculoskeletal  injuries,  such  as 
strains,  sprains,  stress  fractures,  and  tendonitis,  were 
included  in  the  analyses  presented  in  this  paper.  Inju¬ 
ries,  such  as  lacerations,  contusions,  and  blisters,  were 
not  included. 

ANALYSIS 

All  data  were  double  entered  on  a  microcomputer 
and  then  up-loaded  to  a  minicomputer  for  analysis. 
Analysis  was  conducted  using  standard  statistical  pack¬ 
ages  (BMDP  and  SAS). 

For  univariate  analysis,  categorical  variables  with  5- 
point  scales  or  strata  were  collapsed  down  to  3-point 
scales  or  strata  in  a  manner  that  preserved  the  symmetry 
of  the  scales  around  the  middle  or  “average”  group. 
Categorical  variables  were  created  from  continuous 
ones,  such  as  %  body  fat  or  run  times,  by  assigning 
individuals  to  one  of  five  equal  size  groups  (quintiles) 
from  low  to  high,  based  on  their  measured  fitness 
values. 

The  incidence  of  injury  was  calculated  for  each  cat¬ 
egory  or  level  of  a  variable.  The  measure  of  association 
for  univariate  analysis  was  relative  risk  (RR)  -  (% 
injured  in  one  risk  group)  *  (%  injured  in  the  baseline 
risk  group)-1.  Chi-squares  were  employed  to  test  con¬ 
trasts  between  baseline  and  successive  risk  groups.  Par¬ 
titioned  chi-square  methods  were  utilized  to  test  con¬ 
trasts  between  grouped  strata  (33)  and  Mantel-Haenszel 
(MH)  chi-squares  to  test  for  trends.  For  multivariate 
analysis  the  measure  of  association  was  the  adjusted 
odds  ratio  (AOR),  which  was  generated  from  “back- 
stepping”  multiple  logistic  regression  output  (BMDP). 
Ninety-five  percent  confidence  intervals  (95%  Cl)  for 
relative  risks  were  calculated  using  the  methods  de¬ 
scribed  by  Rothman  (26)  and  for  adjusted  odds  ratios 
by  those  of  Lemeshow  and  Hosmer  (16). 

Terms  (variables)  for  the  logistic  regression  model 
were  selected  to  represent  distinct  categories  of  physical 
activity  and  components  of  physical  fitness  and  to 
control  for  the  influence  of  important  demographic  and 
health  characteristics.  Correlations  between  terms  in 
the  model  were  low,  r  <  0.6.  Limits  for  removal  and 
reentry  were  set  at  P  -  0. 1 5. 

RESULTS 

Subjects.  Table  I  provides  descriptive  characteristics 
of  study  participants.  Trainees  in  this  study  were  young 
(median  age  =  19  yr).  predominantly  white  males  (80% 
white),  most  of  whom  graduated  from  high  school 
(84%).  Over  40%  were  current  smokers.  Most  (94%) 
had  been  employed  in  the  last  year,  primarily  at  jobs 
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TABLE  1 .  Descriptive  characteristics  ot  Army  trainees 


Measurement 

N 

Mean 

(SO) 

(Min-Max) 

Median 

Age  (yr) 

303 

20.2 

(31) 

19.0 

(17-35) 

Height  (cm) 

303 

175.4 

(6.4) 

175.5 

(158.8-193.3) 

Weight  (Kg) 

303 

75.5 

(119) 

73.6 

(51.7-120.7) 

Body  mass  index 

303 

24.6 

(34) 

24.0 

(17.8-32.5) 

Body  fat  (%) 

302 

16.9 

(4.5) 

16.0 

(4.1-30.7) 

Flexibility  (cm) 

303 

4.8 

(9-9) 

4.3 

(-23  9 — 1-28  4) 

Lift  strength  (kg) 

300 

71.6 

(12.1) 

72.6 

(36.3-90.7) 

2-Mife  run  (min) 

135 

15.6 

(20) 

15.3 

(11.9-22.3) 

Push-ups  (N) 

137 

2/2 

(11.3) 

27.0 

(1-57) 

Sit-ups  (A/) 

136 

38.0 

(10.6) 

38.0 

(10-77) 

that  required  moderate  (50.5%)  or  heavy  work  (19.5%). 

The  prevalence  of  the  five  most  common  past  lower 
extremity  injuries  were  sprained  ankles  (34%),  pulled 
muscles  (strains,  28%),  fractures  (7.3%),  torn  ligaments 
(5.6%),  and  torn  cartilage  (4.3%).  Also,  2.3%  of  trainees 
reported  stress  fractures  prior  to  the  Army. 

Trainees  reported  high  self-rated  physical  activity 
levels  (60.6%  more  active  than  “average,”  and  only 
9.9%  inactive).  Many  did  some  running  in  the  month 
before  entering  the  Army  (14.9%  4  or  more  d-wk"', 
and  49.3%  1-3  d).  Most  also  reported  exercise  other 
than  running  in  the  prior  month  (28.1%  4  or  more  d- 
wk-1.  49.5%  1-3  d).  Among  subjects,  23%  had  earned 
varsity  sports  letters  in  high  school  or  college,  62% 
played  in  organized  sports  without  earning  letters,  and 
15%  engaged  in  no  sports. 

Incidence  of  injuries.  Of  the  303  subjects  in  the 
study,  45.9%  (N  =  139)  sustained  one  or  more  injuries 
severe  enough  to  require  a  sick  call  visit.  The  cumula¬ 
tive  incidence  of  subjects  with  one  or  more  lower 
extremity  musculoskeletal  injuries  was  37.0%  (A’  = 
112).  Eight-six  individuals  (28.4%)  experienced  lower 
extremity  overuse  injuries,  such  as  stress  fractures. 
Achilles  tendonitis,  and  patellofemoral  syndrome. 

Cumulative  incidence  of  injury  at  the  five  most  com¬ 
mon  sites  were  10.9%  to  feet.  10.9%  to  ankles.  10.2% 
to  knees,  8.6%  to  calves,  and  5.9%  to  the  low  back. 
Cumulative  incidences  of  the  five  most  commonly 
diagnosed  conditions  were  23.8%  for  pain  attributed  to 
“overuse"  or  “stress  syndrome."  8.6%  muscle  strains, 
6.3%  ankle  sprains,  5.9%  overuse  knee  injuries,  such 
as  patellofemoral  syndrome,  and  3.0%  for  stress  frac¬ 
tures. 

Risk  factors  for  injury.  Univariate  associations  of 
demographic  characteristics,  smoking,  and  job  activity 
level  with  risk  of  injury  are  displayed  in  Table  2.  The 
relative  risks  of  lower  extremity  injury  for  individuals 
who  were  older  than  24  yr  were  higher  than  for  those 
under  19  yr  old.  and  the  trend  of  increasing  risk  with 
increasing  age  was  significant  (MH  chi-square,  P  = 
0.01).  Relative  risks  of  individuals  who  smoked  more 
than  10  cigarettes  d-1  were  also  significantly  greater 
than  nonsmokers.  Race,  years  of  education  (not 
shown),  and  job  activity  levels  were  not  found  to  be 
significantly  associated  with  risk. 
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TABLE  2.  Demographic,  lifestyle,  and  occupational  traits  with  associated  incidence 
and  relative  risk  (RR)  of  injuries  during  training  with  95%  confidence  interval  (Cl) 


N 

Injury 

Incidence 

(%) 

RR 

(95%  Cl) 

Age  group 

17-19 

165 

33.3 

1.0 

20-21 

61 

37.7 

1.1 

(0.8, 1.7) 

22-23 

34 

24.2 

0.7 

(0.4, 1.4) 

24-25 

22 

58.3 

1.8 

(1.2,  2  6)* 

26  Plus 

20 

60.0 

1.8 

(1.2,  2.7)- 

Race 

White 

241 

39.0 

1.0 

Black 

29 

27.6 

0.7 

(0.4,13) 

Hispanic 

17 

23.5 

0.6 

(0.3, 1.4) 

Other 

15 

33.3 

0.9 

(0.4, 1.8) 

Cigarettes  smoked  -d  ’f 

None  in  last  year 

143 

28.7 

1.0 

None  in  last  month 

30 

36.7 

1.3 

(0.7, 2.2) 

1-9 

29 

34.5 

1.2 

(0.7.  2.1) 

10-19 

36 

52  8 

1  8 

{19  2.?t* 

<10  Plus 

61 

49.2 

1.7 

(1.2. 2.5)* 

Job  activity 

Moderate  to  Heavy 

211 

33.6 

1.0 

Light 

51 

45.1 

1.3 

(0.9, 1.9) 

Very  Light 

39 

41.0 

1.2 

(0.8, 1.9) 

t  In  past  1  month. 

'  P  <  0.05,  for  RR  (comparison  to  baseline). 


Individuals  who  sustained  ankle  sprains  in  the  past 
were  at  significantly  greater  risk  of  lower  extremity 
injuries  during  Army  training  than  those  with  no  his¬ 
tory  of  injury  (45.1%  vs  32,1%,  RR  =  1.37,  95%  Cl: 
1.03-1.84,  P  =  0.05).  Injuries  in  general  and  other 
specific  past  injury  were  not  associated  with  current 
injuries,  but  the  numbers  of  most  other  injuries  were 
small. 

The  associations  of  physical  activity  and  exercise  with 
incidence  of  training  injuries  are  shown  in  Table  3. 
Trainees  who  rated  themselves  as  being  less  active  than 
average  or  who  exercised  less  were  at  significantly  higher 
risk  of  injury  than  their  more  active  counterparts.  The 
strongest  and  most  significant  association  was  between 
lower  running  frequency  and  higher  incidence  of  injury. 
Low  frequency  of  prior  exercise  other  than  running  was 
also  associated  with  higher  risk  (Table  3)  but  past  sports 
participation  (not  shown)  was  not. 

The  average  number  of  METs  wk-1  of  physical  ac¬ 
tivity  was  significantly  correlated  with  self-rated  physi¬ 
cal  activity  level  (r  =  0.44,  P  =  0.0001).  Also,  both 
METs  of  activity  per  week  and  self-rated  physical  activ¬ 
ity  level  were  significantly  correlated  with  aerobic  fit¬ 
ness  as  measured  by  2-mile  run  times  (r  =  -0.27.  P  = 
0.002  and  r  =  -0.26,  P  =  0.003,  respectively).  However, 
unlike  self-rated  activity  level,  the  estimated  METs  per 
week  of  activity  was  not  associated  with  risk  of  injury 
(Table  3). 

Table  4  shows  the  associations  between  measures  of 
entry  level  physical  fitness  and  incidence  of  lower  ex¬ 
tremity  injuries.  There  was  no  association  between 
percent  body  fat  and  risks  of  injury  (Table  4).  nor  was 
there  an  association  with  BMI  (not  shown).  Flexibility 


TABLE  3.  Physical  activity  and  exerase  pnor  to  the  Army  with  associated  incidence 
and  relative  risks  (RR)  of  lower  extremity  injuries  during  training  with  95% 
confidence  intervals  (Cl) 


Injury  Inci- 

At  dence(%) 

RR 

(95%  Cl) 

Past  activity 

Active 

183 

289 

1.0 

Average 

89 

50.6 

1.8 

(1.3.  2.4)* 

Inactive 

30 

46.7 

1.6 

(1.0. 2.5)* 

Running  frequency  in  previous  month 
>4d-wk"’  45 

20.0 

1.0 

1-3  d-wk"' 

149 

37.6 

1.9 

no,  3.5)* 

0-<1  d-wk“' 

108 

43.5 

2.2 

(1.2,  4.1)* 

Running  time  • wk  ' in  previous  month 

>60  min-wk"' 

85 

25.9 

1.0 

<60  min  •  wk"’ 

136 

40.4 

1.6 

(10,2.4)* 

None 

79 

43.0 

1.7 

(1.1. 2.6)* 

Exercise  frequency t  in  previous  month 

>4  d-wk"’ 

85 

29.4 

1.0 

1-3  d-wk"’ 

150 

380 

1.3 

(0.9. 1.9) 

0-<l  d  ■  wk"' 

68 

44  * 

1.5 

(1.0. 2.2) 

METs  exercise  -wk  'in  last  year  (min-max) 

Q1  (10,535-66,238) 

62 

37.1 

1.0 

Q2  (6,135-10.212) 

60 

41.7 

1  1 

(07,1.8) 

03  (3.394-6.025) 

60 

36.7 

\0 

(0.6, 1.6) 

Q4  (2.046-3,334) 

61 

28.8 

0.8 

(0.5, 1.3) 

05(0-2,019) 

60 

41.2 

1.1 

(0.7. 1.8) 

t  Other  than  running. 

*P  <  0.05,  tor  RR  (comparison  to  baseline). 


TABLE  4.  Levels  of  physical  fitness  on  entry  to  the  Army  with  associated  incidence 
and  relative  risk  (RR)  of  tower  extremity  injuries  during  training  and  95%  confidence 
intervals  (Cl) 


Injury  Inci- 


Fitness  Measure 

(Min-Max) 

N 

dence  (%) 

RR 

(95%  Cl) 

Body  fat  (%) 

Q1  Low 

(4.4-12.3) 

56 

41.1 

1.0 

Q2 

(12.5-14.5) 

57 

298 

07 

(0.5. 1.2) 

Q3 

(14.6-17.4) 

57 

368 

09 

(06,1.4) 

Q4 

(17.5-21.2) 

60 

400 

1.0 

(06,  1.5) 

Q5  High 

(21.3-30.7) 

55 

400 

1.0 

(0.6. 1.5) 

Flexibility  (cm) 

Q1  Low 

(-23  to  -4) 

61 

49.2 

2.5 

(1.5. 4.2)* 

Q2 

(-4  to  1) 

60 

383 

19 

(1.1.  3.4)* 

Q3 

(1  to  7) 

60 

200 

1.0 

Q4 

(7  to  13) 

60 

33.3 

1.7 

(0  9.  3.1) 

Q5  High 

(13  to  24) 

62 

43.6 

2.2 

(1.3. 3.8)* 

Initial  push-ups  (N) 

Q1  Highest  20% 

(35-57) 

27 

18.5 

t  n 

Q2 

(30-34) 

28 

465 

2.5 

(1.1.  5.7)* 

Q3  Mid 

(25-29) 

30 

33  3 

1.8 

(07. 4.5) 

Q4 

(17-24) 

24 

583 

32 

(1.5. 6.8)* 

Q5  Lowest  20% 

(1-16) 

28 

500 

20 

(12.  6  0)* 

Initial  2-mile  run  (min) 

Q1  Fastest  20% 

(11.9-13  8) 

27 

25.9 

1.0 

02 

(13.9-14.8) 

26 

346 

1.3 

(06.  3  0) 

Q3  Mid 

(14.9-15.6) 

28 

42.9 

1.7 

(0  8.  3  5) 

Q4 

(15.7-17.0) 

27 

55.5 

2.1 

(1.1.4  2)* 

Q5  Slowest  20% 

(17.1-22.3) 

27 

40.7 

1.6 

(0.7.  3.4) 

■  P  s  0.05.  for  RR  (comparison  to  baseline). 


demonstrated  a  significant  U-shaped  relationship  with 
incidence  of  injury.  Individuals  at  both  extremes  of 
flexibility  were  at  more  than  two  times  greater  risk  than 
the  “average"  group  (Table  4). 

The  least  fit  individuals  as  measured  by  push-ups 
were  at  significantly  gi  eater  risk  of  injury  than  their 
most  fit  peers.  The  upward  trend  of  risk  for  lower  push- 
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up  groups  was  significant  (MH  chi-square  for  trend  P 
=  0.02).  For  2-mile  run  time  the  fastest  (most  fit) 
quintile  was  at  lower  risk  than  each  of  the  subsequent 
slower  groups,  but  only  significantly  different  from  the 
third.  A  partitioned  chi-square  comparing  the  fastest 
two  quintiles  with  the  slowest  three  was  significant  (RR 
=  1 .5, 95%  Cl:  1 .0-2.4,  P  =  0.04)  and  a  MH  chi-square 
for  trend  was  marginally  significant  (P  =  0.09).  There 
was  no  association  between  strength  or  strength  to 
weight  ratio  and  risk  on  univariate  analysis  (not  shown). 

The  unit  doing  the  most  running  had  an  incidence 
of  lower  extremity  injuries  of  4 1 .8%  compared  with 
32.5%  for  the  low  mileage  company  (RR  =  1.3,  95% 
Cl:  1.0- 1.7).  Despite  the  difference  in  incidence  of 
injuries  between  companies,  the  distribution  of  injuries 
by  site  and  type  were  similar. 

Table  5  exhibits  the  values  of  adjusted  odds  ratios  for 
terms  (variables)  remaining  in  the  logistic  regression 
model  for  lower  extremity  injuries.  Twelve  terms  were 
candidates  for  the  model.  These  terms  were  age  group, 
ethnic  group,  smoking,  history  of  injury,  last  job  activity 
level,  physical  activity  level,  running  frequency  in  the 
month  before  the  Army,  other  previous  exercise,  % 
body  fat,  flexibility,  strength,  and  unit  training.  Because 
there  were  no  data  on  push-ups  and  run  times  for  one 
entire  unit,  terms  for  these  were  not  candidates  for 
entry  in  the  multivariate  model. 

Seven  terms  remained  in  the  lower  extremity  injury 
model  after  the  backward  stepping  process  (see  Table 
5).  Five  of  these  had  odds  ratios  that  were  significantly 


TABLE  5  Risk  factors  for  lower  extremity  (LE)  musculoskeletal  injuries  with 
adjusted  odds  ratios  from  logistic  regression  (and  95%  confidence  intervals  (Cl)) 
controlling  for  effects  of  other  risk  factors  in  the  model 


Factor 

LE  Injuries 

Odds  Ratio 
(95%  Cl) 

Age(yr) 

<24 

1.0 

>24 

4  3  (2.0, 9.2)* 

Cigarettes  d"’ 

<lOd 

1.0 

>10- d"’ 

1.9  (1.1,33)* 

History  of  injury 

No  injury 

1.0 

Injury  (no  sprain) 

0.6(0.3,13) 

Ankle  sprain 

1.7  (0.9. 3.2) 

Job  activity 

Heavy-moderate 

1.0 

Light-very  light 

1.8  (1.0. 3.2)* 

Physical  activity 

Above  average 

1.0 

Average  or  less 

2.2(13, 3.8)* 

Flexibility 

1  Lowest  20% 

3.6(1.5,86)* 

2 

1.7  (0.9, 5.4) 

3  Mid  20% 

1.0 

4 

1.9  (0.8,48) 

5  Highest  20% 

33(1.3, 7.9)* 

Training  unit 

Low  mileage 

1.0 

High  mileage 

1.6(09, 2.7) 

'  P  s  0.05,  for  odds  ratio  (comparison  to  baseline). 


greater  than  the  baseline  odds — older  age,  smoking  10 
or  more  cigarettes  per  day,  sedentary  to  light  job  activity 
level,  low  physical  activity  level,  and  flexibility  level 
(both  high  and  low). 

DISCUSSION 

The  primary  purposes  of  our  study  were  to  document 
the  impact  of  past  physical  activity  and  exercise,  and 
current  physical  fitness  and  training  on  the  risks  for 
musculoskeletal  injuries.  To  accomplish  these  objec¬ 
tives,  we  employed  the  distinctions  between  physical 
activity  and  physical  fitness  defined  by  a  workshop  on 
the  “epidemiologic  and  public  health  aspects  of  physical 
activity  and  exercise”  held  at  the  Centers  for  Disease 
Control  in  1984  (6.25).  We  assessed  job-related  activity 
and  several  categories  of  leisure  time  activity  including 
sports,  running,  and  other  exercise  activities.  We  also 
measured  the  five  components  of  health-related  physi¬ 
cal  fitness  (body  composition,  flexibility,  strength,  mus¬ 
cle  endurance,  and  aerobic  endurance)  defined  by  the 
workshop  (6,25). 

In  designing  our  study,  we  also  endeavored  to  incor¬ 
porate  the  recommendations  for  identifying  risk  factors 
for  exercise-related  injuries  established  by  the  workshop 
(13,25).  We  made  initial  evaluations  of  all  participants 
and  conducted  close  follow-up  to  document  physical 
training  and  occurrence  of  medical  complaints  during 
the  12-wk  training  period.  Our  population  of  male 
Army  trainees  reported  diverse  prior  lifestyles  and  ac¬ 
tivity  levels  and  exhibited  a  wide  range  of  physical 
characteristics  and  performance  capabilities.  We  also 
documented  demographic  characteristics  (age,  race, 
and  education)  and  controlled  for  these  in  our  multi¬ 
variate  models.  The  uniformity  of  training  within  units 
controlled  for  the  usual  confounding  effects  of  the 
association  of  physical  training  and  exercise  w  ith  other 
potential  risk  factors  such  as  age.  body  composition, 
and  physical  fitness. 

The  incidence  injuries  in  this  study  was  consistent 
with  those  reported  for  other  military  studies  (9.10,14). 
Comparison  with  civilian  studies  employing  similar 
operational  definitions  of  injury  suggests  that  the  cu¬ 
mulative  incidence  of  injury  to  Army  trainees  was 
slightly  higher  than  the  seasonal  incidences  reported  for 
male  high  school  cross-country  and  track  athletes,  but 
was  much  lower  than  those  for  athletes  in  contact  sports 
such  as  football  or  wrestling  (8. 1 5). 

Regarding  risk  factors  for  exercise-related  injuries, 
the  only  one  consistently  identified  by  previous  studies 
has  been  volume  of  training,  i.e.,  the  amount  of  time 
spent  exercising  or  running  (3. 1 2. 1 3. 17. 18.20.22.24). 
Past  injuries,  also,  appear  to  be  an  important  contrib¬ 
uting  factor  ( 1 8.20).  Among  infantry  trainees,  we  iden¬ 
tified  several  risk  factors  in  addition  to  these,  which 
will  be  discussed  briefly. 
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Several  studies  have  reported  that  age  is  not  associ¬ 
ated  with  risk  of  running  or  exercise-related  injuries 
among  individuals  exercising  at  their  own  chosen  inten¬ 
sities  and  amounts  (12,17,18).  However,  in  a  sports 
medicine  review  Taimela  et  al.  (28)  stated  that  the 
impact  of  age  on  risk  of  sports  injuries  varies  from  study 
to  study.  Our  data  suggest  that  when  younger  and  older 
trainees  all  exercise  the  same  amount  at  similar  inten¬ 
sities,  the  older  ones  are  at  greater  risk  of  injury  (Tables 
2  and  5).  This  is  consistent  with  other  military  studies 
that  demonstrate  a  higher  incidence  of  stress  fractures 
among  older  trainees  (5,7,1 1). 

Several  military  studies  have  found  that  white  recruits 
are  more  likely  to  experience  stress  fractures  than  blacks 
or  Hispanics  (5,7, 1 1 ).  Blacks  have  been  shown  to  have 
higher  bone  density  than  whites  (3 1 ),  a  possible  expla¬ 
nation  for  this  observation.  Also,  a  recent  survey  of 
working  whites  and  blacks  reported  higher  rates  of 
nonfatal  injuries  for  white  workers  (34).  In  this  study, 
although  the  cumulative  incidence  of  injuries  among 
whites  was  higher  than  for  other  racial  groups,  the 
differences  were  not  significant. 

Smoking  cigarettes  was  a  risk  factor  for  training 
injuries  even  with  the  confounding  effects  of  physical 
activity  and  other  factors  controlled  for  (Table  5).  Re¬ 
search  indicates  that  smokers  are  more  likely  to  be  “risk 
takers”  and  to  be  involved  in  “accidents”  (19,37),  so  it 
may  be  that  greater  risk  taking  behavior  or  some  other 
factor  associated  with  smoking  is  the  “true”  underlying, 
predisposing  factor. 

Past  injuries  are  reported  to  be  associated  with  cur¬ 
rent  risk  of  training  injury  by  other  authors  (18,20,28). 
Consistent  with  this  we  found  that  trainees  who  re¬ 
ported  previous  ankle  sprains  were  at  higher  risk  of 
injury  on  univariate  analysis.  Our  inability  to  demon¬ 
strate  associations  with  other  past  injuries  may  be  a 
function  of  small  sample  size  and  small  numbers  of 
other  relatively  serious  injuries. 

Past  physical  activity  and  exercise  were  significantly 
associated  with  risk  of  injury.  Low  levels  of  job  activity 
were  associated  with  higher  risk  of  injury  on  multivar¬ 
iate  analysis  (Table  5)  and  low  levels  of  physical  activity 
in  general  were  associated  with  greater  risks  of  injuries 
by  univariate  and  multivariate  analysis  (Tables  3  and 
5).  Less  frequent  running  prior  to  the  Army  was  also 
associated  with  higher  risk  of  lower  extremity  injuries 
on  univariate  analysis  (Table  3).  Two  other  military 
studies  have  found  that  lower  levels  of  past  activity  are 
a  risk  factor  for  training-related  injuries  among  recruits 
(7,10).  The  combination  of  these  data  suggest  that 
higher  past  physical  activity  or  exercise  is  protective 
against  current  injury  among  individuals  who  are  en¬ 
gaged  in  the  same  amounts  and  intensity  of  physically 
demanding  training. 

Although  stretching  to  increase  flexibility  is  widely 
recommended  to  prevent  training  injuries,  data  to  sup¬ 
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port  the  practice  are  lacking  (18,24).  Our  data  indicate 
that  both  the  most  flexible  and  least  flexible  individuals 
are  at  higher  risk  of  lower  body  injuries  (Tables  4  and 
5).  It  has  been  suggested  that  athletes  with  tight  muscles 
(low  flexibility)  are  more  susceptible  to  muscle  strains 
(28),  whereas  those  with  ligamentous  laxity  (greater 
flexibility)  are  predisposed  to  a  higher  risk  of  sprains 
and  dislocations  (28).  Whatever  the  underlying  reason, 
the  finding  that  both  extremes  of  flexibility  experience 
more  injuries,  and  its  implications  for  the  prevention 
and  rehabilitation  of  injuries  deserves  further  study. 

Lower  levels  of  muscle  endurance  (low  numbers  of 
push-ups)  and  stamina  (slow  run  times)  are  other  fitness 
characteristics  we  found  to  be  associated  with  higher 
risk  of  training  injuries  (Table  4).  Other  military  studies 
report  the  same  association  (10).  The  observed  associ¬ 
ation  of  higher  risk  among  less  fit  soldiers  may  be  due 
to  the  fact  that  at  any  given  absolute  level  of  physical 
performance  less  fit  individuals  will  be  uncUr  "'-eater 
relative  physiologic  stress. 

Amount  of  training  is  the  most  consistently  docu¬ 
mented  risk  factor  among  runners  (3, 1 2. 1 3. 1 8,20.22.24). 
Although  unit  training,  probably  higher  running  mile¬ 
age,  was  only  marginally  significant  as  a  risk  factor  for 
injury  (Table  5),  the  pattern  and  location  of  injuries  to 
trainees  suggested  that  weight-bearing  physical  training 
and  running  in  particular  were  the  most  important 
factors  causing  injuries  among  the  infantry  trainees 
studied. 

We  conclude  from  our  findings  that  epidemiologic 
methods  can  be  successfully  employed  to  identify  risk 
factors  for  training  injuries.  Furthermore,  the  etiologies 
of  these  injuries  are  complex  and  multifactorial.  More 
specifically,  our  results  lead  us  to  hypothesize  that  the 
risks  of  injuries  will  be  higher  among  those  trainees 
entering  the  Army  who  smoke,  have  been  less  physically 
active,  and  who  exhibit  lower  levels  of  muscle  endur¬ 
ance  and  aerobic  ability.  Also,  we  suspect  that  individ¬ 
uals  of  both  very  high  and  very  low  flexibility  will  be 
more  prone  to  injury.  Ultimately,  more  epidemiologic 
studies  of  military  and  other  populations  are  needed  to 
verify  and  identify  risk  factors,  which  can  be  used  to 
design  population  specific  preventive  strategies  for 
physical  training  and  exercise-related  injuries. 
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